Objectives: Describe short-and long-term outcomes observed in individuals with hip osteoarthritis (OA) treated with a pre-selected, standardized set of best-evidence manual therapy and therapeutic exercise interventions. Methods: Fifteen consecutive subjects (9 males, 6 females; mean age: 52¡7.5 years) with unilateral hip OA received an identical protocol of manual therapy and therapeutic exercise interventions. Subjects attended 10 treatment sessions over an 8-week period for manual therapy interventions and performed the therapeutic exercise as a home program. Results: Baseline to 8-week follow-up outcomes were as follows: Harris Hip Scale (HHS) scores improved from 60.3(¡10.4) to 80.7(¡10.5), Numerical Pain Rating Scale (NPRS) scores improved from 4.3(¡1.9) to 2.0(¡1.9), hip flexion range of motion (ROM) improved from 99 degrees (¡10.6) to 127 degrees (¡6.3) and hip internal rotation ROM improved from 19 degrees (¡9.1) to 31 degrees (¡11.5). Improvements in HHS, NPRS, and hip ROM measures reached statistical significance (P,0.05) at 8-weeks and remained significant at the 29-week follow-up. Mean changes in NPRS and HHS scores exceeded the minimal clinically important difference (MCID) at 8-weeks and for the HHS scores alone at 29 weeks. The 8 and 29 week mean Global Rating of Change scores were 5.1(¡1.4) and 2.1(¡4.2), respectively. Discussion: Improved outcomes observed following a pre-selected, standardized treatment protocol were similar to those observed in previous studies involving impairment-based manual therapy and therapeutic exercise for hip OA. Future studies might directly compare the two approaches.
Introduction
Osteoarthritis (OA) is the leading cause of lower-limb related disability in the elderly. 1 OA also represents a considerable and increasing financial burden on society, with the annual costs related to OA in the United States expected to reach 100 billion dollars by the year 2020. 2 The hip is the second most common site for large joint OA, affecting 3-11% of the western population over 35 years of age. 3 This rate is expected to rise in the future as a consequence of the aging population. 4 The high healthcare costs associated with hip OA are largely attributable to surgical and pharmacologic interventions. 5 The frequency of hip joint arthroplasty, the most common surgery performed for individuals with hip OA, has risen 158% since 1990. 6 Pharmacological interventions for individuals with hip OA most commonly involve non-steroidal antiinflammatory drugs as well as medications to help counteract the serious gastrointestinal side effects commonly experienced by these individuals. 5, 7 Because of the financial costs and potential side effects associated with these interventions, identifying effective non-pharmocological and non-operative interventions for hip OA has been recognized as a priority for future research. 8 Hip OA is characterized by radiographic and clinical findings, although many individuals with radiographic evidence of hip OA have no symptoms. 9 The most common objective clinical findings are loss of hip internal rotation (HIR) and hip flexion (HF) range of motion (ROM). 10 Additionally, hip joints affected by OA have been found to exhibit reduced capsular elasticity and altered intracapsular pressures. 11 Many individuals suffering from hip OA develop considerable physical disability as a consequence of the acquired limitations in ambulation and activities of daily living. 5 The natural history of hip OA is not favorable; symptom severity and disability levels tend to worsen over time. 5 Several interventions for hip OA administered by physical therapists have been reported in the medical literature, including education, therapeutic exercise, aquatic exercise therapy and manual therapy. [12] [13] [14] [15] Land-based and aquatic exercise have both been shown to decrease pain and improve function, and education has been associated with short-term pain relief. [13] [14] [15] Unfortunately, the beneficial effects from exercise deteriorate and eventually disappear within three to nine months following cessation of the supervised exercise program. 15 Research into the effectiveness of manual therapy for patients with hip OA is limited, but initial studies have yielded positive results. 12 Hoeksma and colleagues 16 compared the effectiveness of manual therapy and exercise therapy in a randomized clinical trial of patients with hip OA. Exercise therapy consisted of an adaptation of an exercise program previously found to be beneficial for patients suffering from hip OA. 17 Manual therapy interventions consisted of clinician-assisted manual stretching of hip musculature followed by a traction manipulation technique to the involved hip. The treatment period for both groups consisted of nine sessions over a duration of five weeks. Subjects receiving manual therapy demonstrated greater improvements in hip function (measured with the Harris Hip Score), walking speed, hip ROM, and pain at the conclusion of the five-week treatment period. Improvements in pain, function and ROM were maintained at three and six month follow-ups. MacDonald et al. 18 reported clinical outcomes in a case series of seven subjects with hip OA following a median of five treatment sessions of manual therapy combined with therapeutic exercise. Impairmentbased interventions included thrust and non-thrust manipulations and an exercise program targeted at improving hip joint mobility and muscle strength. Following a median of five treatment sessions all subjects experienced reductions in pain and clinically meaningful improvements in function. Because a cause and effect relationship cannot be inferred from a case series, future research will need to corroborate the results of this combined treatment approach and eventually determine whether the addition of an exercise program adds meaningful benefit over manual therapy alone in patients with a diagnosis of hip OA.
Another unanswered question involving the application of manual therapy in patients with hip OA is whether an 'impairment-based' approach produces similar outcomes to that of a pre-selected, standardized set of manual therapy and exercise interventions. There is evidence indicating that for patients with lower back pain, standardizing physical therapy intervention leads to superior outcomes compared to a non-standardized treatment approach. 19, 20 One advantage of standardizing treatment protocols is that it allows researchers to communicate details of the interventions performed with clarity, which may improve the ability of practicing clinicians to reproduce clinical outcomes observed in clinical research. Considering these unanswered questions as well as the paucity of research on manual therapy and exercise for this population, the aims of this study were to (1) describe the management of 15 patients with unilateral hip OA using manual therapy and exercise interventions and (2) observe the magnitude of short-and long-term changes in clinical outcomes using a generalizable, standardized protocol that would represent the best available research on a manual therapy and exercise approach for individuals with hip OA.
Methods Participants
Consecutive patients with a primary complaint of unilateral hip pain referred by physicians or physical therapists to the Physical Therapy department of Brooke Army Medical Center in San Antonio, TX were screened for study inclusion. Individuals were included in the study if they were between 35 and 80 years of age, had a primary complaint of unilateral hip pain and met the American College of Rheumatology criteria for hip OA (Table 1) . 21 Patients were excluded from the study if they had rheumatoid arthritis, severe lower back pain, recent spinal, hip or knee orthopedic surgery, radicular pain below the knee, osteoporosis, bilateral hip pain, or refused to receive mobilization/ manipulation interventions. Consenting patients were enrolled in succession until the fifteenth subject had consented to participate in the study. Subject enrollment took place from February to October 2008. All subjects were informed of the purpose of the study and signed informed consent forms approved by the Institutional Review Board at Brooke Army Medical Center.
Examination procedures
Following enrollment in the study, subjects completed several self-report measures and underwent a routine history and physical examination. In addition to a full history, patients were questioned on the presence and severity of LBP and a systems review examination was administered to screen for systemic disease.
The physical examination included a gait assessment, lumbar spine ROM testing, a neurological assessment, bilateral ROM and muscle strength testing of the hip and knee, muscle length testing of the rectus femoris, iliopsoas, and piriformis muscles, and a palpation examination of the lumbar spine and hip regions.
Intervention
All subjects in the study received the same preselected set of manual therapy and therapeutic exercise interventions. Subjects were also given general information regarding osteoarthritis, advice to engage in regular cardiovascular exercise and the potential benefits of weight reduction on their condition. Manual therapy interventions were delivered during ten 30-minute treatment sessions over an 8-week period and consisted of manual muscle stretching, non-thrust and thrust manipulation techniques. These were selected through consideration of two primary factors: (1) the interventions inclusion in published clinical research involving manual therapy for hip OA 16, 18 and (2) the extent to which the interventions addressed common impairments found in individuals with hip OA. 10, 21, 22 Manual therapy interventions are described in Fig. 1 . Brief rationales for technique selection are provided in Table 2 . Although the manual interventions were preselected, the treating clinicians were permitted to vary aspects of the techniques. Manual therapy techniques (excluding the stretches) were introduced as gentle, graded mobilizations. This was to familiarize the subject with the techniques and ensure the interventions were well tolerated. The interventions were then progressed and varied at the discretion of the treating clinician. The clinical reasoning approach described by Maitland was used to guide this decision making. 23 A central principle of this approach is to continually evaluate the patient's response to treatment and alter aspects of the techniques accordingly. 23 Using this approach, decisions on how to vary aspects of the technique such as vigor or grade of mobilization, patient position and duration of the technique are adjusted according to the patient's symptom response to the intervention(s) both immediately (within session) and between sessions. Treating clinicians identify salient clinical findings, both subjective and objective, to judge the effect of interventions. For example, if a patient reported they had difficulty donning socks and exhibited a pronounced loss of HF ROM then these measures were re-assessed immediately following a manual therapy intervention as well as at the start of a treatment session to guide decision making. If an intervention was delivered and the patient did not demonstrate immediate improvement in HF ROM or the improvement was minor, then the clinician may have chosen to deliver the mobilization with more vigor or progress the technique to a thrust manipulation. Alternatively, the clinician may have elected to perform a graded mobilization for a longer duration to achieve the desired effects. Conversely, if upon returning for a treatment session, this patient reported increased pain and difficulty donning socks since their last treatment session and HF ROM had either worsened or not improved, the treating clinician may have determined that all or some of the interventions were performed with excessive vigor and therefore delivered that session's interventions as gentle stretches and graded mobilizations of shorter duration.
The exercise component was designed to reinforce these pre-selected manual therapy interventions as well as to address common strength and flexibility impairments found in individuals with hip OA. 24, 25 The therapeutic exercise interventions are described in Fig. 2 . Compliance with the home exercise program was tracked with a log given to patients at the baseline examination. Patients were categorized as 'compliant' if they performed their exercises (on average) at least four days per week and 'noncompliant' if they only performed the program three or fewer days per week.
Follow-up
Follow-up examinations were conducted at the end of the treatment period (8-weeks) and at the 29-week interval.
Outcome measures
The primary outcome measure was the Harris Hip Scale (HHS). The HHS is the most widely used instrument for quantifying pain and function in patients with hip OA in the United States and has been used extensively in clinical research. 26 The instrument consists of 10 items representing pain, walking ability, activities of daily living and ROM of the hip. 27 Scores range from 0 (maximum disability)
to 100 (no disability). 27 The HHS has been shown to Patient-perceived improvement following treatment was measured with the Global Rating of Change (GRC) instrument. Subjects rated their overall improvement since initiation of treatment on a scale from 27 (a very great deal worse) to zero (about the same) to z7 (a very great deal better). 34 Juniper et al. 35 proposed a classification system which states: scores of 21, 0 and z1 are associated with no change in the subject's condition, scores of ¡2-3 represent minimal change, ¡4-5 represent moderate change and ¡6-7 represent large changes in their condition. Hip mobility was assessed by measuring HIR and HF passive range of motion (PROM). Limitations in HIR and HF PROM are common impairments found in individuals with hip OA. 10, 21, 22 Additionally, limited PROM of the hip has been shown to be highly correlated with disability in individuals with hip OA. 36 Measurements were taken with a standard long-arm goniometer. HF and HIR PROM values taken with a long-arm goniometer have been shown to have good intra-rater reliability (ICC50.82 to 0.92) and adequate inter-rater reliability (ICC5 0.58 to 0.71).
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Initial and post-treatment values for the HHS, NPRS and HF and HIR PROM were collected at baseline, 8-and 29-week follow-up examinations. The GRC was administered at the 8-and 29-week follow-up examinations. Exercise compliance logs were collected at the 8-and 29-week follow-up examinations.
Data analysis
Data were assessed for normality using a Kolmogorov-Smirnov test. A one-way repeated measures analysis of variance was used to determine differences in PROM values, HHS and NPRS scores between baseline, 8 weeks and 29 weeks. An alpha level of 0.05 was used for all comparisons. Statistical analysis was conducted using SPSS, version 18.0, statistical software package.
Results
Fifteen individuals (9 male) participated in the study. Participants had an average age of 52(¡7.4) years and experienced hip pain, on average, for 23 months (range 3 to 144). Demographic and baseline characteristics are provided in Table 3 . All 15 subjects completed the 8-week follow-up exam. Between the 8-and 29-week follow-up period one subject elected to receive a total hip arthroplasty and therefore was not included in the 29-week analysis. On average, subjects attended a total of 8 treatment sessions (range 6 to 10) over a period of 8 weeks (range 5 to 12).
Improvements in HHS, NPRS, and hip ROM measures reached statistical significance (P,0.05) at 8-weeks and remained significant at the 29-week follow-up. Mean changes in NPRS and HHS scores exceeded the MCID for both of these measures at 8-weeks and for the HHS scores alone at 29 weeks. At 8 weeks the mean GRC score was 5.1(¡1.4), which corresponds to a statement of 'quite a bit better'. At 29 weeks the mean GRC score was 2.1(¡4.2), which corresponds to a statement of 'somewhat better'.
Mean values with associated 95% confidence intervals for baseline, 8-and 29-week outcomes for the HHS, NPRS and hip PROM tests are described in Table 4 and Figs. 3 and 4 .
At the 8-week follow-up 13 of 15 subjects reported that they performed their home exercise program at least 4 days per week. At the 29-week follow-up, only 3 subjects reported performing their HEP at least 4 days per week.
Discussion
The aims of this prospective case series were to observe outcomes in individuals with hip OA treated with a standardized protocol of manual therapy and exercise interventions as well as describe the management of these individuals with a level of detail that would permit practicing clinicians to replicate this approach in their own practice. While previous research has investigated the effect of manual therapy and therapeutic exercise in individuals with hip OA, 16, 18 we believe this is the first study to do so with a pre-selected set of combined manual therapy and therapeutic exercise interventions. Subjects in our study demonstrated large and clinically meaningful improvements in clinical outcomes over the short term (8-weeks). The majority of these improvements were maintained at the long-term follow-up (29-weeks). Our observed improvements in HHS scores, pain and ROM were consistent with findings from Hoeksma et al. 16 These authors used a protocol of stretching and repeated hip traction Note: *Radiographic evidence as characterized by radiologist from plain film X-ray. manipulations for the manual therapy intervention. Our manual therapy interventions were coupled with exercise interventions targeted at improving muscle performance, flexibility and joint ROM. We believe that by combining manual therapy with exercise and patient education, our protocol represents the best available evidence regarding physical therapy management of hip OA. Our results were also similar to those of MacDonald and colleagues who treated a series of patients suffering from hip OA with manual therapy and therapeutic exercise. 18 These authors utilized an impairment-based approach for manual therapy intervention selection. Joint end-feels and accessory motions were assessed to determine which particular techniques would be delivered. Because of this individualized approach, the particular interventions varied among patients.
The majority of studies establishing manual therapy as a beneficial treatment approach for musculoskeletal conditions have utilized this impairment-based model of clinical reasoning for intervention selection. [40] [41] [42] [43] However, despite compelling evidence, manual therapy remains an underutilized management strategy among physical therapists for many conditions in which it has been shown to be effective. [44] [45] [46] Although the reasons for this underutilization are likely multifactorial, perhaps one contributing factor is the lack of confidence in the average clinician to reproduce this approach in their own clinical practice. We believe that by frontloading or incorporating our clinical reasoning process in the selection of techniques we have been able to standardize the interventions in this study and reduce the ambiguity of the clinical decision-making process. Additionally, because we are able to provide detailed descriptions of the treatment received by each subject, we believe novice clinicians managing patients with hip OA could feasibly reproduce this treatment protocol. It is currently unknown if standardizing treatment improves outcomes over those seen with an impairment based approach in patients with hip OA. While our study design precludes us from determining this, we believe this study does take a critical first step in establishing an evidenced based, comprehensive protocol that could serve as a starting point for future studies seeking to answer this question.
Although initial (8-week) improvements in HHS scores and PROM values were maintained at the 29-week follow-up, the improvements in GRC and NPRS scores dropped below clinically important changes at 29-weeks. A potential contributor to this decline could be the poor long-term compliance rates with the home exercise program. By 29 weeks, only three of the 14 subjects reported performing their home exercises at least 4 days per week. Our small sample size in this study precludes any direct comparison of clinical outcomes between compliant There are two major limitations to this study. First, because there was no comparison group we cannot infer a cause and effect relationship between the interventions delivered and the results observed. Secondly, we failed to blind the individuals collecting outcomes. This was a minor issue for the self-report measures as these are not inherently subject to raterbias. However, ROM measurements were collected by the treating clinician and were therefore subject to bias.
In conclusion, subjects in this prospective case-series demonstrated clinically meaningful short and longterm improvements in outcomes following a standardized protocol of manual therapy and therapeutic exercise interventions. Our results, when considered with previous studies utilitizing manual therapy and exercise in patients with hip OA, strengthens the body of evidence suggesting that manual therapy and therapeutic exercise represents an effective approach for physical therapist management of individuals with hip OA. 16, 18 Future research will be required to determine if standardizing protocols of manual therapy and therapeutic exercise interventions offers advantages in outcomes or degree of utilization over the pragmatic approach of an individually-tailored, impairment-based clinical reasoning model. Future research will also be required to determine what role booster sessions should play in the physical therapist management of hip OA.
